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Introduction
In this study we investigate how funding problems within the banking sector can be transmitted across borders between parent banks and their affiliates. In contrast to earlier studies showing the perspectives of the home country where parent institutions are located and the spreading of shocks to their affiliates abroad, we provide evidence on the transmission of funding shocks from the foreign parent banks to their subsidiaries and branches located in one emerging market (i.e., we present the 'host country' perspective) (e.g., Cetorelli and Goldberg, 2012a and 2012b, and citations therein) .
Specifically, we analyze how liquidity shocks in the balance sheets of foreign parent banks can affect their affiliate institutions located in Poland. We observe the way in which these shocks influence the supply of funding of parent banks to their It is interesting to analyze whether the high funding needs of affiliate banks in the flourishing market dominate over parent institution's reluctance to lend during liquidity squeezes.
Since the late 1990s Poland has been playing the role of a host country for multiple banks from a number of countries in Europe and from the US (e.g., Pawłowska, 2012 , Kozak, 2013 . The entire system contained about 70 banks (excluding relatively small cooperative banks). At the end of 2008, subsidiaries and (rather small) branches of foreign institutions constituted slightly more than 70% of all the banking assets in Poland. The parent financial institutions of Polish banks were located mostly in Western Europe (Austria, Belgium, Greece, Germany, France, Italy, Netherlands, Portugal, Spain) and in the United States (cf., Figure 4 ).
At the end of 2008 a crisis struck Poland in the form of a vast and sudden depreciation of the local currency (by more than 30% against euro). The foreign exchange rate depreciation quickly increased the value of assets (e.g. foreign currency loans). Only a portion of a large portfolio of foreign currency loans was financed by liabilities in foreign currencies and the resulting open foreign exchange position on the balance sheets of Polish banks was hedged with foreign exchange derivatives (FX swaps and CIRS). After the depreciation of the local currency banks had to acquire more liquid assets to continue these hedging transactions, which indirectly increased their funding needs. Moreover, the interbank market froze and deposit transactions nearly vanished. This first wave of shocks caused temporary funding problems of Polish banks; however, the parent institutions in the US and in
Europe suffered from funding problems even earlier. Nonetheless, the parent institutions were able to increase funding to several Polish subsidiaries and branches in such a way that Polish banks were able to continue lending to the nonfinancial sectors in Poland.
There are strong arguments in favor of the hypothesis that the problems of Several theoretical and empirical studies examine the impact of liquidity shocks on bank lending (e.g., Diamond and Rajan, 2001 , Khwaja and Mian, 2008 , 5 Cornett, McNutt, Strahan and Tehranian, 2011 . Funding constraints in banks usually force these banks to limit lending to other sectors of the economy. An important source of funding for banks in global banking groups is intra-group lending (e.g., by parent banks to affiliate banks). Liquidity shocks in banks may force these banks to reduce lending to other banks in the group (e.g., Cetorelli and Goldberg, 2011 , Popov and Udell, 2012 , Jeon, Olivero and Wu, 2013 . This effect of liquidity shocks is of special interest because it generates the channel of transmission of liquidity shocks between financial institutions. Moreover, if the affected banks are located in different countries, the cross-border channel of financial contagion may be activated. Conversely, the intra-group funding may act as a stabilizing mechanism during liquidity crises, when liquidity constrained banks are able to obtain substitute funding from parent institutions (e.g., Dinger, 2009 , Navaretti, Calzolari, Pozzolo, and Levi, 2010 , de Haas and van Lelyveld, 2010 .
Our empirical results confirm the significance of the intragroup links between banking institutions that serve as a channel for transmission of liquidity shocks on the one hand and as an effective measure to contain these shocks on the other. All Polish banks reacted to the liquidity shocks after the failure of Lehman Brothers; however, the impact of liquidity shocks on funding during the sovereign debt crisis in the Eurozone was visible only in the group of Polish subsidiaries and branches of foreign parent banks. The liquidity shocks also affected mortgage lending in foreign currencies by Polish banks during the crisis.
To our best knowledge this study is the first to investigate the transmission of large liquidity shocks in 2008-2009 and 2011-2012 from banks in multiple countries to the banking sector in one emerging market. Focusing on one emerging market facilitates controlling the policies and economic performance of banks located in a single country. Any demand shocks are also rather homogenous across banks present in a particular country and their effect can be extracted.
We believe that choosing the perspective of a host country like Poland is an interesting approach because it allows us to compare the behavior of local banks located in countries with different risk profiles (i.e., Greece, Ireland, Italy, Portugal and Spain on the one hand and Germany and the US on the other).
The Polish market serves as an ideal natural laboratory for our exercise because it contains a significant banking sector with assets worth 85% of the country's GDP (e.g., Polish Financial Supervision Authority, 2013). Multiple subsidiaries and branches of foreign credit institutions as well as locally owned banks are present within this market. Equally important is the fact that the recent global financial crisis was truly exogenous to the Polish financial sector and the Polish economy remained relatively resilient to the macroeconomic shocks from abroad (e.g., Poland was the only European Union country to enjoy positive economic growth throughout the entire crisis period; domestic shocks played a rather minor role in the period under investigation). The absence of large domestic economic shocks should increase the estimation precision of the link between the funding problems of parent banks and their Polish affiliates.
Another advantage of analyzing the Polish market is the relatively simple and traditional business models of Polish banks. Polish banks concentrate their activities on lending to local companies and households (housing and consumer loans) and their lending to foreign nonfinancial sectors is marginal. The funding of Polish banks came mostly in the form of deposits from local nonfinancial sectors and from the resident and nonresident financial institutions, depending on the funding strategy of banks. Other sources of funding (e.g., issuance of bonds or stocks) were relatively less popular and sporadic. Before the crisis the banking sector was developing rapidly and the flourishing economy attracted new banks to the market. In particular, the market for FX housing loans was booming throughout the years 2005 -2008. Some local banks were using funding in the form of loans and deposits from their parent institutions to increase their stake in the lending market (cf., Figure 2 ). About 90% of the liabilities to foreign financial sectors were comprised of funds borrowed from the parent institutions.
In the remainder of the paper we present our methodology to analyze the effects of international liquidity shocks in Section 2. Section 3 includes a brief description of the data used in our analysis and we present our empirical results in Section 4. The final section presents our conclusions. 7
Methodology
Our strategy to assess how liquidity shocks in parent banks influence the supply of funding by parent banks to their Polish affiliates and how these shocks affect the lending activities of Polish banks follows the approach described by Cornett, McNutt, Strahan and Tehranian (2011), and Buch and Goldberg (2013 The main explanatory variable is the measure of liquidity shock in the funding market, . Our standard measure of liquidity shock in the parent bank is the LIBOR-OIS spread (as explained in Section 3; cf., Figure 1 , Panel A). We use the geographical location of the parent bank to identify the funding market for parent banks. In the group of domestically owned banks, the WIBOR-OIS spread is the measure of liquidity shock instead. 1 We used several different variables as dependent variables in our models, depending on the precise problem that we analyzed. We enumerated these variables in our empirical analysis in Section 4.
The econometric specification of our model includes the measure of liquidity shocks multiplied by the set of control variables, and it controls for possible crosssectional ( ) and time fixed effects ( ): We also analyze the impact of liquidity shocks in the funding markets on the average funding and lending of Polish affiliate banks, applying some modification in the specification of the model. Here, we do not consider differences in liquidity shock effects between banks depending on bank characteristics, but instead we focus on changes in funding and lending of affiliate banks over time. Consequently, we estimate dynamic panel data regression models with cross-sectional fixed effects.
These models explain changes in funding from foreign banks (predominantly from banks in the same banking group), changes in total lending, and changes in foreign exchange denominated housing loans supplied by Polish affiliate banks. Our measure of liquidity shocks, the LIBOR-OIS spread, enters the model as a separate
The control variables used in this model are analogous to those described above, but we use capital adequacy ratio instead of capital-asset ratio and the funding gap ratio (difference between loans and deposits divided by deposits)
instead of deposits to better account for the factors influencing changes economic performance of Polish banks. The dependent variables are also adjusted against 9 foreign exchange rate changes to distinguish flows of funds and loans from changes in the volumes of funds caused by the floating exchange rate. 
Data
We employ a panel dataset consisting of quarterly data from 86 individual commercial banking institutions in Poland. These institutions are either independent Polish banks or subsidiaries of Polish banks (12 banks), subsidiaries of foreign institutions (43 banks), or branches of foreign banking institutions (31 institutions).
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The data on the Polish banking institutions comes from the National Bank of Poland. All banks must submit monthly, quarterly and yearly financial reports to the National Bank of Poland, and these reports are available in both a consolidated and unconsolidated form. We have preferred to use individual (unconsolidated) banking statistics to account for financial exposures between banks of the same group 3 . We also used the Bankscope database 4 to collect valuable information about foreign parent institutions of the Polish affiliates. In this case, only consolidated data of sufficiently good quality are available; however, we use these data to proxy the economic situation of both the parent institutions and the entire banking groups. We investigate the measure of liquidity shocks in the Polish banking sector and in the banking sectors of parent institutions proposed by Buch and Goldberg (2013) . The spread between the (three-month) interbank interest rate (e.g., LIBOR rate) and the (three-month) overnight index swap rate is used to identify potential funding problems for all banks in the market. We investigate both spreads in the foreign interbank markets and in the local Polish market. We take the amount of funds lent to banks beyond the normal (long-run) level of borrowing as our measure of liquidity shocks in the local banking system. As an alternative measure of shocks on the markets where parent banks are present, we use the spreads of individual bank CDS contracts to measure the market assessment of the economic problems of parent banking institutions during the crisis. Another available instrument are the sovereign CDS spreads for countries where the parent institutions are located. The former CDS instruments should proxy potential funding problems of parent institutions since banks temporarily considered to be more risky may expect refusal of funding from market participants or may be forced to issue less debt. The sovereign CDS instruments may also indirectly proxy the funding problems of banks since the market assessment of individual banks depends on the quality of sovereign debt.
Empirical results
Liquidity shocks in the investigated sample came from two main sources.
The 6 We also investigated the full sample estimates of the liquidity shocks and the results were in line with the subsample results. These results are available upon request. 7 All dependent variables are divided by the value of bank's assets at time to remain comparable in time and across banks in the sample. The variables are described in more detail in Appendix A. crisis had a clear foreign origin and did not spread to banks in Poland through channels other than the channel of financial exposure, we could observe more apparent effects of liquidity shocks in the former group of banks and weaker effects in the latter group of banks. In fact, such a result can be observed in Table 1 . In the first subsample and in the group of banks with foreign owners (cf., the first column in the upper panel of Table 1 ), the negative impact of the shock on funding from the foreign banks (routinely from their parent banks) was greater for banks with larger At the same time, the impact of liquidity shock on funding from foreign financial institutions was greater for locally owned banks with relatively large committed credit lines and a low share of liquid assets than in other locally owned banks during the crisis (cf. the last two columns in the upper panel of Table 1 ). This suggests that the liquidity shock did not completely close access to foreign interbank markets for Polish banks independently of size and economic standing.
However, it should be emphasized that in case of locally owned banks the share of funding from foreign financial institutions in total assets is relatively small in comparison to foreign owned banks. This difference increased as the result of the crisis (cf., Figure 3 ). Noncommercial institutions, such as the European Investment investors. This crisis did not require direct financial exposures to spread around the globe and to raise anxiety in banks. By contrast, during the Eurozone crisis the effects of liquidity shocks could be observed only in the group of foreign owned banks and were not apparent in the group of locally owned banks (cf., the lower panel of Table 1 ). In the group of subsidiaries and branches of foreign institutions, the liquidity shock caused smaller banks, banks with larger commitments and banks with lower capital ratios to receive more parent funding than other banks in this group. Outside of this group of banks no shock effects were statistically significant during the crisis of 2011-2012.
Our second approach to determine whether the global financial liquidity crisis had some influence on the Polish banks is based on a comparison of liquidity shock effects in parent banks on their lending to two separate sets of banks. The first set contains the (local and foreign) banks that do not belong to the analyzed banking group of the lender and the second set contains the Polish banks that do belong to the same banking group as the lender. The explanatory variables are the same as in our first approach with two exceptions. First, the explanatory variables are concerned with the economic standing of parent banks rather than the economic standing of their Polish subsidiaries (i.e., the data come from the Bankscope database instead of the NBP database) (cf. Section 3). Second, our dataset concerning the parent banks does not contain information about the parent banks' commitments. Instead, we use the ratio of loans to assets as a proxy of the banks' exposure to nonfinancial sectors. 8 The specifications of this model are defined in (1) and the results are presented in Table 2 .
In general, the net lending to banks outside of the group was significantly affected during turbulent periods. Larger banks and banks with more liquid assets lent more than other parent banks did during and just after the Lehman Brothers collapse. During the Eurozone crisis the shock effect was reversed; larger banks with more liquid assets lent less. Moreover, the negative impact of the shock on lending was relatively stronger in banks with more loans and less deposits. Interestingly, we
were not able to irrevocably identify the factors that would cause foreign institutions to change their lending habits with Polish affiliate banks during liquidity shocks.
Either the diversity of parent banks (e.g., in terms of their market location) does not allow us to identify the prevailing characteristics of parent institutions that would amplify the transmission of shocks to Polish affiliate banks or it is that the characteristics (e.g., the economic standing and demand) of Polish banks would better determine whether or not they receive funding from their parent institutions.
We have also estimated the effects of liquidity shocks within the Polish banking sector on the funding needs of local banks. This has allowed us to determine whether funding from parent institutions increased abnormally during these liquidity shocks. It is clear that liquidity shocks in global banks spilled over to the Polish banking sector in 2008; however, the subsequent problems in some Eurozone markets had a much weaker (and delayed) direct effect on the Polish interbank market (cf., both panels of Figure 1 ). Again, we found evidence that liquidity shocks forced a change in the funding behavior of foreign owned and locally owned banks only during the first phase of the crisis (i.e., in the years 2008-2009). One reason to include foreign currency denominated loans in the set of dependent variables is that FX housing loans were extremely popular in the period preceding the financial crisis due to significantly higher interest rates in the Polish market compared to the market rates for euro or Swiss frank. Interestingly, the total amount of lending in foreign currencies was strongly correlated with the amount of total funding raised by Polish banks from foreign financial institutions (i.e., typically from parent institutions) (cf., Figure 2 ).
Our empirical results show that liquidity shocks in parent banks affect the lending behavior of Polish affiliates during both phases of the financial crisis (cf., Table 3 ). Banks with a larger deposit base tended to lend more in this period. They required less liquidity during the liquidity shock. Larger Polish banks and those with lower liabilities to foreign banks preferred to increase their share of liquid assets and they were lending somewhat less (usually not statistically significantly) than the other banks during the liquidity shortage after the Lehman Brothers bankruptcy.
Similarly, larger banks preferred to increase their liquid assets during the Eurozone crisis. However, those banks with higher exposure to nonfinancial sectors (i.e., in the form of loans and commitments) and lower capital ratios preferred to remain less liquid during the liquidity shock of 2011. It is of interest to note that the estimations show some liquidity shock impact on the foreign exchange denominated housing loans, but only during the first phase of the crisis (cf. the last column of Table 3 ).
The more negative impact of the shock was observable in banks with less liquid assets and with lower net liabilities to foreign banks during the first period.
However, the size, capital adequacy, deposit base and prior credit commitments
were not statistically significant factors to explain the shock effects on FX housing lending during both crisis periods.
Our dataset enables us to investigate the transmission of liquidity shocks from multiple banks and from several countries to Polish banks. Some of the foreign countries have been seriously hit by the recent financial crisis. We identified crisis countries as well as relatively calm countries during the sovereign debt crisis in the Eurozone in an additional exercise. We found no signs of change in the liquidity structure of assets or in the net borrowing from parents in the group of banks owned by parents located in crisis countries during the liquidity shock. In contrast, such changes were present in Polish banks owned by parents from relatively calm markets. Other differences in borrowing and lending by the two groups of banks were less evident. 
Aggregate effects of liquidity shocks
We present results on average (aggregate) effects of liquidity shocks in foreign markets on Polish affiliate banks in Table 4 , applying model (2) described in Section 2. In this investigation we concentrate our attention on the estimates of the parameter of the variable in model (2).
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We observed statistically significant appreciation in funding during the liquidity shock in the model describing changes in funding from foreign banks to Polish banks around the Lehman Brothers collapse. This result is new and it is in clear contrast to other studies pointing to reduction of funding from liquidity- 10 We describe these results in more detail in Appendix B. 11 The average effects are also called aggregate effects hereafter to highlight the difference between the results comparing effects for groups of banks and the results obtained for a single (aggregate) group of Polish affiliates of foreign parent banks.
constrained banks to their affiliates (e.g., Cetorelli and Goldberg, 2011). In our opinion this outcome is the consequence of two effects. Firstly, the [2008] [2009] liquidity shock hit several markets simultaneously and many Polish banks required more funding during the crisis, as explained earlier (demand side). Secondly, the profitable Polish banking sector played an important role in expansionary strategies of global banks during the early phase of the crisis. Therefore parent banks were willing to provide more liquidity to their Polish affiliates even when they were limiting credit expansion to other clients (supply side).
Nonetheless, the negative value of the parameter in the second model suggests that the boom in the housing market has been interrupted during the liquidity shock as banks, uncertain about future economic developments and surprised by the increased volatility of the local exchange rate, slowed down supplying the foreign exchange denominated loans. This result hints that the local effects related to economic uncertainty might have played a more important role than liquidity shocks in parent banks during the crisis. The funding channel has actually helped the Polish banks to continue their lending activity during the difficult times.
Moreover, the aggregate lending of banks to all sectors seems not to be statistically significantly affected by the liquidity shock (although the respective parameter is negative), indicating that banks might have switched their lending priorities from the housing market to other markets, e.g., consumer loans or corporate loans. In the second phase of the crisis, the liquidity shock related to debt turbulences in the Eurozone did not impact the aggregate foreign funding of Polish banks statistically significantly. However, the banks dramatically reduced FX mortgage lending in the years 2011-2012 and the aggregate FX mortgage lending was negatively affected by the liquidity shock as well. Again, the total lending was not statistically significantly affected.
Conclusions
We find that liquidity shocks in international parent banks have been The liquidity shocks are defined as LIBOR-OIS spreads (WIBOR-OIS spreads in case of Polish parent banks) and they are observed on the markets where the parent banks are present. The estimated parameters that are significant at the 10%, 5% and 1% levels are denoted with '*', '**', and '***', respectively. Standard errors of estimated parameters are presented in parentheses. Data for explained and explanatory variables are taken from the database of the National Bank of Poland. Note: The explanatory variables are concerned with balance sheets of parent institutions in this table.
The liquidity shocks are defined as LIBOR-OIS spreads and they are observed on the markets where the parent banks are present. The estimated parameters that are significant at the 10%, 5% and 1% levels are denoted with '*', '**', and '***', respectively. Standard errors of estimated parameters are presented in parentheses. Data for explanatory variables are taken from the Bankscope database. Note: The explanatory variables are concerned with balance sheets of Polish banks in this table. The liquidity shocks are defined as LIBOR-OIS spreads (WIBOR-OIS spreads in case of Polish parent banks) and they are observed on the markets where the parent banks are present. The estimated parameters that are significant at the 10%, 5% and 1% levels are denoted with '*', '**', and '***', respectively. Standard errors of estimated parameters are presented in parentheses. Note: The explanatory variables are concerned with balance sheets of Polish banks (owned by foreign parents) in this table. The liquidity shocks are defined as LIBOR-OIS spreads and they are observed on the markets where the parent banks are present. The estimated parameters that are significant at the 10%, 5% and 1% levels are denoted with '*', '**', and '***', respectively. Standard errors of estimated parameters are presented in parentheses. The estimation method is the Arellano-Bond generalized method of moments. The expression 'ERA' in the names of dependent variables means that our data is exchange rate adjusted (the impact of exchange rate changes is excluded from our data). We estimate the effects of liquidity shocks in the Polish banking sector on funding needs of local banks. This allows for us to determine whether funding from parent institutions increases abnormally during these liquidity shocks. Again, we distinguish between locally owned banks and the group of subsidiaries and branches owned by foreign banks.
Appendix A. Data sources
We estimate regression models presented in formula (1) We analyzed the different reactions of Polish banks to shocks originating in banks located either in countries hit most severely by the Eurozone crisis or in relatively calmer markets. In the group of banks with parents located in PIIGS countries, no sign of changes in the liquidity structure of assets or in the net borrowing behaviors from parents are observable as the result of the liquidity shock (cf., the upper panel of Table B2 ). Such changes are clearly present amongst Polish banks owned by parents from relatively calm markets. Banks with more commitments towards nonfinancial sectors are able to expand lending more than other banks. Larger banks on the other hand increase funding and increase liquid assets more than smaller banks. In the case of the parent banks located in crisis (PIIGS) countries, affiliate banks with a relatively large deposit base and greater capital ratios tended to limit their borrowing from parent banks more than other banks. This suggests that parent banks have supported mainly weaker banks (in terms of capital or deposit base). At the same time, larger banks and banks with larger commitments increased their funding more than other banks with crisis-hitowners. The liquidity shocks are defined as LIBOR-OIS spreads (WIBOR-OIS spreads in case of Polish parent banks) and they are observed on the markets where the parent banks are present. The estimated parameters that are significant at the 10%, 5% and 1% levels are denoted with '*', '**', and '***', respectively. Standard errors of estimated parameters are presented in parentheses.
